Abstract: The purpose of this paper is then to theoretically prove the estimated welfare measure from such elicitation method, which encompasses a complete decision process, is more efficient than that generated from a partial choice decision process, either from single-bounded or double-bounded discrete choice format. The expenditure difference will be adopted as the interpretation of the respondent's reply to the choice selection. The theoretical proof and empirical evidence will also be validated for the efficiency improvement under expenditure difference interpretation.
Introduction
Even since the yes-no discrete type elicitation process was applied by Bishop and Heberlein (1979) , the dichotomous choice format of contingent valuation method has been wildly used in benefit evaluation for diversified types of resources. And the discrete type contingent valuation method has even been popularized after the utility compatibility theoretical background has been developed by Hanemann (1984) . This underlying theory establishment has activated the debate about the interpretation of the respondent's reply to the choice (Cameron, 1988; Cameron & James, 1987) . The duality of the utility difference and expenditure difference interpretation has been theoretically proved and empirically verified by McConnell (1990) and Wu and Hsieh (1996) . This theoretical foundation also excites expanding the idea of simple yes-no dichotomous choice to a two-level discrete choice, named double-bounded dichotomous choice (Hanemann, Loomis, & Kanninen, 1991) . Because more information is collected from such elicitation method, it has been theoretically and empirically shown that a relatively efficient welfare measure results. 
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The discrete choice followed by an open willingness to pay revelation decision process conducted in this study has a remembrance to the format of bidding game elicitation approach. The theoretical and empirical results acquired from this study have dawned upon a further search for the design of an elicitation format with optimal numbers of discrete choices followed by an open willingness to pay revelation. That is, a future study can be guided toward to construct a willingness to pay elicitation approach with a combination of discrete and continuous responses resulting a most efficient estimation and welfare measures.
Nevertheless, information obtained from double-bounded discrete choice is not as fertile as that collected from open answer format (Hammack & Brown, 1974) . Furthermore, estimation of welfare measure through double-bounded discrete choice under some specification has certain complexity if it is not undoable. However, it is generally arduous for respondents to reveal the amount of willingness to pay directly for the resource that is unfamiliar to him/her. As a result, the design of an elicitation method that can incorporate both the advantage of easy response through discrete choice and full willingness to pay information from the open answer is essential.
The elicitation method designed in this study is a double-bounded discrete choice followed by a continuous open willingness to pay revelation. It is believed that respondent is benefited from the experience cumulated through a two-level choice process. Thus, final revealing amount of willingness to pay, a full information type of data, will then have a great advantage in welfare measure (Bateman, Willis, & Garrod, 1994; Drake, 1992) . Furthermore, research done by Hanemann et al. (1991) has shown that more efficiency is achieved in utility difference interpretation for respondent's reply in double-bounded dichotomous choice elicitation process. It has not been demonstrated however if similar conclusion will be retained in expenditure difference interpretation as suggested by Cameron and Quiggin (1994) .
This elicitation framework is applied to the benefit evaluation of Kengting National Park in Taiwan. Data for empirical demonstration is selected from a sample of 800 households in the country. The results have shown that mean willingness to pay through a complete decision process is more efficient than those estimated both from single-bounded and from double-bounded dichotomous choices. Additionally, the efficiency of benefit estimation is also exhibited from interval estimation of mean willingness to pay.
2. Theoretical framework of benefit evaluation for National Park 2.1. Willingness to pay for the resources of the Park Evaluation of the benefit for the resources in an existing national park can be described as that if no efforts have been made the resources will vanish with the pollution deterioration. This is the circumstance that challenges the National Park we are concerning now. Conceptually, this phenomenon can be illustrated in Figure 1 . Assuming that the natural resources are lumpy and indivisible, then the willingness to pay for an individual to avoid the decrease of the resources from Q°to Q − is the amount of AC (Freeman, 1993; Randall & Stoll, 1980) . This is the idea of an equivalent surplus of Hicks (1943) WTP E to avoid the reduction of the environmental goods. In the utility function specified above, À Á . Here, the amount of willingness to pay Δe
Following the first response, a higher price, $A U i , or a lower price, $A L i is then presented for further choice. If an individual's equivalent amount of willingness to pay will not be affected while the second offered price is introduced, then the decision of acceptance of the second proffered 
Similarly, rejection of the second price is made by comparing between
. If the respondent is the unwillingness to pay for $A U i then it must be that Cameron and Quiggin (1994) provide evidence against the use of the standard interval data model and in favor of the more general bivariate probit model. An apparent miscalculation in the estimation process overstates the poor performance of the interval data model for the application reported by Cameron and Quiggin. When the miscalculation is corrected, the data reported by Cameron and Quiggin provide results consistent with Alberini (1995) finding that interval-data models provide robust estimates of mean willingness to pay from dichotomous choice with follow-up contingent valuation questions. However, with a combination of three proffered prices, the possible choice outcome should fall in the following four ranges, i.e. (A
, no matter what adjustment is adopted. Thus, we are arguing here that whether the equivalent amount of willingness to pay is altered is not important.
As a result, as long as these four alternatives are taken into account, in estimation, more efficient results will be produced with two-stage discrete choice format. Research done by Hanemann et al. (1991) has demonstrated a similar consequence in utility difference interpretation for respondent's reply. The conclusion, however, has not been verified and illustrated in expenditure difference interpretation neither in Quiggin studies (1994, 1998) and Haab (1998) nor in any of the studies accomplished thereafter.
3. Elicitation decision process of willingness to pay 3.1. Analysis of data collected from partial elicitation decision process While confronted with a dichotomous choice, expenditure difference interpretation for a respondent reply not only has theoretical plausibility but also has an advantage of empirical applicability and convenience (McConnell, 1990; Wu & Hsieh, 1996) . As consequence, following theoretical proof of efficiency, comparison between different stages of discrete choice and continuous willingness to pay revelation will be performed under expenditure difference interpretation.
Single-bounded dichotomous choice
Because the willingness to pay Y S i is unobservable and assuming also that respondent i's final willingness to pay Δe 
As a result, the probability of willingness to pay for $A i is
where σ s is standard deviation of Δε S i . If Δε S i follows a symmetric probability density function with zero mean, then the probability in Equation (10) can be written as
Similarly, the probability of unwillingness to pay for $A i is
The most commonly used cumulative distribution function F ε ðÞ is standard normal distribution and logistic distribution function.
If further assuming that there is a linear relationship between Δe 
Assuming also that gðx ij Þ is a nondecreasing quasiconcave function. Under the specification of gðx ij Þ ¼ x ij or gðx ij Þ ¼ ln x ij , the marginal effect of x ij on Δe S i is, respectively, as
That is, the marginal effect of the specific explanatory variable on the willingness to pay is either consistent or decreasing as variable x ij increases. This consequence will be in accordance with the assumption of diminishing marginal utility.
The likelihood function for estimating paramaters β is as follows:
where
and the information matrix can be computed from Equation (13)
In Equation (14), H S is the Hessian matrix and the information matrix is computed specifically as
The mean willingness to pay and the confidence interval estimation of mean willingness to pay can be computed as those for least square estimation (Cameron, 1991) 
where gðxÞ is the vector of mean values for all explanatory variables,β S is a vector of estimated coefficients, and Ω S is the asymptotic variance-covariance matrix ofβ S . And Ω S will be approximated to Cramer-Rao lower bound under the consistent and asymptotically efficient estimation of Greene, 2000) . That is,
Double-bounded dichotomous choice
There will be more choice combinations for data collected from a two-stage discrete choice process. While the respondent is presented with the first offered price $A i and then followed by a higher or lower second offered price A 
Probability for positive responses to both the first and second offered prices is computed as
follows a symmetric probability density function with zero mean, then the above probability is rewritten as
The probabilities for all other three choice combinations are, respectively as 
The information matrix is as follows:
Under expenditure difference interpretation for an individual's response, estimation of mean willingness to pay and confidence interval of mean willingness to pay is similar to the data collected from the single-bounded discrete choice. 
3.2. Analysis of data collected from a complete elicitation decision process
Respondent gains more experiences through the first two stages of the discrete choice process; it is expected that the willingness to pay for a specific environmental good or services will be clearly identified. As a result, the final amount of revelation can be considered to be the willingness to pay from a complete decision process. Analysis of data gathered from this full process is similar to that from an open-ended elicitation method. In order to be comparable with the analyses for discrete choice, a method of maximum likelihood estimation is performed.
Assume that respondent i's final willingness to pay Δe 
O Þ, the probability density function for respondent i in replying
The joint probability densitity function for all the respondents will be in the form of
The likelihood function for estimation is written as
Information matrix under such specification will be in the form of the following matrix
And then point estimation of mean willingness to pay and confidence interval can be computed according to the formula specified as follows:
whereβ O is the vector of estimated coefficients. Similarly to that in single-bound dichotomous choice, variance-covariance matrix Ω O will then be approximated to Cramer-Rao lower bound, i.e.
Efficiency comparison among different elicitation decision processes

Efficiency comparison between single-bonded and double-bounded discrete choice process
The maximum likelihood estimation ofβ S andβ D will approximate the asymptotic variancecovariance matrix from either single-bounded or double-bounded discrete choice process to Cramer-Rao lower bound. And the variances for parameters estimated from single-bounded and double-bounded discrete choice are computed as follows:
It can be proved that the following relationship holds
That is to say Iðβ D Þ À Iðβ S Þ is a positive semidefinite matrix, i.e. Iðβ D Þ ! Iðβ S Þ. It is apparent that the efficiency of estimated parameters from double-bounded is higher than that from a singlebounded discrete choice process.
Efficiency comparison between discrete and continuous elicitation process
Whether respondent will benefit from the experience cumulated through a two-level discrete choice a theoretical proof for the efficiency comparison between discrete and continuous open willingness to pay response will then be performed aa follows. And results are drawn for standard normal and logistic distribution, two most commonly used distributions in the elicitation method employed in the literature.
Efficiency comparison under standard normal distribution
Under standard normal distribution, Lemma 1 stated as follows is defined to determine the efficiency comparison between double-bounded dichotomous choice and the final open willingness to pay from a complete elicitation decision process.
Lemma 1
If φðÁÞ and ΦðÁÞ, respectively, are probability density and cumulative distribution function for standard normal distribution, then
(1) For any number a, if a 2 R, there exists aφðaÞ < 
According to Lemma 1, the following relations exist,
The difference between Iðβ O Þ and Iðβ D Þ is proved to be a positive semidefinite matrix. The efficiency of estimated parameters from the complete elicitation decision process is higher than that from the double-bounded discrete choice, a partial elicitation decision process thus emerges.
Efficiency comparison under logistic distribution
Similarly, Lemma 2 is used to determine the efficiency comparison under logistic distribution through a partial and complete elicitation decision process.
Lemma 2
If φðÁÞ and ΦðÁÞ, respectively, are probability density and cumulative distribution function for logistic distribution then
(1) For any number a, if a 2 R, there exists φðaÞ ¼ ΦðaÞ½1 À ΦðaÞ.
(2) For any number a and b, if a; b 2 R and a < b then there exists φðbÞ À φðaÞ ¼ ½ΦðbÞ À ΦðaÞ½1 À ΦðbÞ À ΦðaÞ It is known from Lemma 2 that 
And it can also be shown that
A positive semidenifite matrix for Iðβ O Þ À Iðβ D Þ is also realized. That is, the parameters estimated from the final amount of open willingness to pay are more efficient than the results estimated from the double-bounded discrete choice under logistic distribution specification.
Benefit evaluation of Kengting National Park
Kengting National Park
Kengting National Park, established in 1984, is the first national park in Taiwan. It is located in the southernmost part of Taiwan and belongs to the tropical-zone region. It is the only national park with unique sea-land preserve in the country. Including land and marine area, the total acreage of the Park is 33,269 hectares. Among these, the marine areas house several fancy worlds. The majestic coral coast is extraordinary by any standard. Besides, the inland geographic area includes diverse features as picturesque hills and small lakes, thickets, prairie, and even a small desert, each with its own unique beauty. The ample rainfall and diverse topography is also a good environment for sustaining the widely varied population of flora and fauna.
Individual might gain utility from the variety of resources subsisted in Kengting National Park. The satisfaction not only comes from any form of the direct and indirect use of the resources but also from the existence of such treasure assets. However, organic pollutants from surrounding industrial and agricultural wastewater, illegal fish farming and recreational activities, and pollution from the nearby nuclear power plant have deteriorated the resources in the Park in recent years. Maintaining and preserving the resources of the Park at the current level has been the task of Park administration.
Design of the questionnaire
Description of the resources for the Park
Most of the inland and marine areas of the Park are free of charge. It will be incomplete to evaluate the benefits of maintaining resources at the current level through entrance fee even for those who have visited the Park. Not to mention individual can acquire benefits for just knowing the existence of the resources. As a result, a method that can evaluate the use and existence values of the resources is necessary. It is not essential and technically inconceivable to evaluate use and existence value separately for those who have visited the Park. It will then be regarded as the total value for who have visited or have not visited the Park.
In order to measure the benefits of the resources in the Park, the respondent is required to evaluate the information of the resources supplied in the questionnaire. Varieties and diversity of the resources including geographic landscape, biological resources, oceanic ecology, and prehistoric remains are illustrated. Maintaining these resources at current status for not vanishing are described to picture the overall assets in the Park. The sources of extinguishing these resources are the pollutants and devastating activities described above.
Individual is then requested to reveal his/her willingness to pay through enforced annual resource maintenance fee to keep these resources at current status. The way of describing the "change" of the resources is similar to the evaluation for establishing a new park (Kosz, 1996) . In the stage of discrete choice, in addition to "yes" and "no" alternative, selection of "uncertainty" is also presented (Arrow et al., 1993) . Moreover, respondent's final open willingness to pay is followed by possible options for protest responses that no payment is exhibited.
Sample and determination of the offered prices
The rule of thumb recommended by Kanninen (1995) for determining offered prices is adopted in this study. The prices presented in the first and second bid are arranged from the pretest openended responses. The rule suggests if the prices offered for the first stage discrete choice are in the 15%-85% of the willingness to pay distribution and those for the second stage choice are in the 10%-90% then the bias will be controlled.
Under the criterion stated above, the first bid offered prices provided in the questionnaire are selected from 15%, 23%, 31%, 38%, 46%, 54%, 62%, 69%, 77%, and 85% of the pretest open willingness to pay the amount. The second offered price level is double or half of the first bid price accordingly. As a result, 10 sets of the first and the second lower and upper offered prices used in the questionnaire are 300 (150, 600), 400 (200, 800), 500 (250, 1000), 600 (300, 1200), 800 (400, 1600), 1000 (500, 2000), 1200 (600, 2400), 1500 (750, 3000), 2000 (1000, 4000), and 3000 (1500, 6000), respectively.
There are 800 households in the sample. Selection of surveyed households is composed of two stages. The first stratification is to allocate 800 households to each county by the percentage of the households of that county to the total households in the country. The second stratification is to randomly draw individual household for each county according to the total households distributed. The survey is conducted in July and August of 2000 by personal interview. A pretest was also administrated before the formal survey is performed.
Model specification and results analyses
Among 800 observations, 297 individuals are classified as protest respondents with various reasons. In addition, two respondents' final willingness to pay is extremely far more than all others. These results in 501 final usable observations for further analysis. In order to estimate the model specified in Equations (13), (24), and (30), functional forms and variables for Δe 
Data collected from partial decision process, i.e. single-bounded and double-bounded elicitation method, are analyzed by probit and logit model. And data collected from the complete decision process, i.e. final open willingness to pay amount, are analyzed by maximum likelihood estimation.
Results of coefficients estimation are presented in Table 2 .
It is observed that except for the variable of total number of times the respondent has visited the Park for the past five years (Subfre), gender (Sex), and vocational dummy variable (Oc3) estimated from complete decision process, the effects of explanatory variables on the willingness to pay are consistent among partial decision process and complete decision process model. Furthermore, on average, each household is the willingness to pay 855 NT dollars per year in maintaining the park from complete decision process estimation. Mean willingness to pay estimated from probit and logit models through the single-bounded and double-bounded discrete choice decision process, respectively, is 1102 NT dollars, 1087 NT dollars, 939 NT dollars, and 884 NT dollars. Due to the similarity of normal distribution and logistic distribution, it is expected that the mean willingness to pay and 95% confidence interval of mean willingness to pay estimated from probit model resembles that estimated from logit model. Empirical comparison of the efficiency between complete and partial elicitation decision process is performed by examining the standard deviation of mean willingness to pay and range of confidence interval estimation of mean willingness to pay via probit, logit, and final open Table 3 indicate that standard deviation of mean willingness to pay and 95% confidence interval of mean willingness to pay are consistently lower resulting from open willingness to pay estimation.
Additionally, the upper bound of confidence interval estimation of mean willingness to pay from complete elicitation process is about 1.19 times of its lower bound. The ranges of upper bound and lower bound of the confidence interval of mean willingness to pay resulted from partial decision process, i.e. results from single-bounded and double-bounded probit and logitmodel, are relatively large. The results indicate that the relative size of upper bound is about 1.45 and 1.43 times its lower bound via probit and logit models from single-bounded choice process and 1.27 and 1.25 times from double-bounded choice probit and logit designs, respectively.
Concluding remarks
This paper has theoretically proved the estimated welfare measure from a complete elicitation method, which is a double-bounded discrete choice followed by a continuous open willingness to pay format, is more efficient than that generated from a partial choice decision process, either from the single-bounded or from double-bounded discrete choice format.
The empirical demonstration of performing a benefit evaluation of Kengting National Park of Taiwan has shown that mean willingness to pay for maintaining the park at current state via maximum likelihood estimation of the final open revelation of willingness to pay is close to sample mean as compared to those estimated from probit and logit models. The efficiency of the complete decision process is not only generated from the small standard deviation of mean willingness to pay but also from a small range of upper and lower bound of confidence interval estimation of mean willingness to pay. 
